be differentiated from CSC -rare cells with self-renewal ability that drive tumorigenesis (Reya et al., 2001) . Studies have identified tumorigenic cells with stem/progenitor cell properties from human breast cancers (Ponti et al., 2005) . In identification and isolation of CSCs, several approaches have been proposed. In breast cancers, cell surface markers, such as CD24 and CD44, have been proved to be useful for the isolation of subsets enriched for breast CSCs (Al-Hajj et al., 2003; Visvader, 2008) . In 1996, Goodell MA, et al. discovered and isolated a special population of cells while working with staining of murine bone marrow cells with the vital dye, Hoechst 33342, and named them as side population (SP) cells (Goodell et al., 1996) . These cells shared characteristics of CSCs and were enriched in tumor initiating capacity and expressed stem-like genes (Zhang et al., 2012) . SP cells have later been identified in both mouse and human mammary gland tissue (Alvi et al., 2003; Clayton et al., 2004) . The cells have been identified in a variety of normal tissues and cancers and have shown to exhibit stem celllike properties in capable of self-renewal (Wu and Alman, 2008; Nakanishi et al., 2010) . SP cells have also been found to be chemoresistant (Song J et al., 2010; Yang M et al., 2010) , radioresistant (Woodward et al., 2007) and have increased invasive potential exhibited in vitro (Fuchs et al., 2009) compared to nonside population (NSP) cells.
In vivo studies have also demonstrated that in most cancer cell lines SP are more tumourigenic (Yin et al., 2008; Chen et al., 2009; Song et al., 2010) and have greater metastatic potential (Chen et al., 2009; Nishii et al., 2009 ) than their NSP counterparts (Mitsutake et al., 2007) .
There exist many factors having the potential to become relevant predictive factors in the past year (Cianfrocca and Goldstein, 2004) . Prognostic and predictive factors for breast cancer include classical clincopathological features derived from breast cancer samples including stage, tumor size, histological subtype and grade, lymph node metastases (Rosa Mendoza ES et al., 2013; Nogami T et al., 2014 ) , type of tumor, lymphatic and vascular invasion (Jatoi et al., 1999 ) , and hormone receptor status (Weigel, 2010) .
The early detection of cancer and improvements of cancer treatments provide better progress for cancer, however, the ability to prolong cancer survival is still limited. It is important to evaluate the potential role of these SP cells in tumor metastasis and recurrence of patients with breast cancer. This study aimed to investigate the proportion of SP cells, the factors associated with their presence and to identify the effect of SP cells in the human breast cancer cell on prognosis of patients with breast cancer
Materials and Methods

Study subjects
Breast cancer patients who were diagnosed according to the National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines (Sun et al., 2011) . Those complicated with chronic wasting and infectious diseases, or having multiple primary malignancies were excluded. Based on the criteria above, breast cancer patients diagnosed from January 1, 2006 to December 31, 2007 and in a maximum 7-year follow up period that observed both the occurred recurrence or metastasis and also those without these outcomes after completed conventional treatment were consecutively recruited in this study at Yunnan Tumor Hospital. The human breast cancer cells were obtained from fresh tissue of the cancer patients. The cells were cultured by the nucleic acid dye Hoechst33342 added with Verapami. Flow cytometry (FCM) was employed to isolate the cells of SP.
The protocol of this study was approved by the Ethical Committee of Yunnan Tumor Hospital. All eligible participants were informed of the study protocol and informed consent was signed before the patients accepted admission into the study.
Cell culture and flow cytometry analysis
Cell culture for each patient was performed at 10%
FBS RPMI-1640 (Gibco) medium in a humidified 37°C, 5% CO 2 in Forma311 carbon dioxide incubator (Thermo Fisher Scientific, USA). Cells were selected in the logarithmic growth phase, removed from the culture dish with trypsin and EDTA, pelleted by centrifugation, washed with PBS. The cell suspension diluted to 106/ ml with 10% FBS RPMI-1640 solution. The cells were then labeled with Hoechst 33342 (Sigma-Aldrich) at a concentration of 5μg/ml. The labeled cells were incubated for 120 minutes at 37°C, either alone or with 100 μl verapamil hydrochloride (Sigma-Aldrich) and were swirled every 15 minutes. Two hours later, 4°C PBS was used to terminate labeled process. After centrifugation with desk centrifuge (Heraeus, Germany), the cells were washed with 2% fetal bovine serum (FBS; Gibco) PBS and maintained at 4°C 2% FBS PBS and were processed for flow cytometry analysis. Cells were counterstained with 2μg/ml propidium iodide (PI; Sigma-Aldrich) to identify dead cells. Then 1 x 10 6 viable cells were analyzed and sorted by an Epics Altra flow cytometry (Beckmancoulter, USA). The Hoechst dye was excited at 407 nm UV (blue, 450/40; red, 695/40). PI was excited at 488 nm blue (red, 575/26).
Clinical data collection
All recruited subjects were recorded on basic demographics such as age at diagnosis, basic clinical and pathological information such as tumor size, clinical stage and pathological findings. Records for this information were independent with cell culture and cytometry results. Both data were later merged by patient identification number. Recurrence or metastasis status as the outcome of this follow up study was recorded by schedule revisiting of patients.
Data analysis
Descriptive statistics methods were adopted to present the distribution of data. T test was utilized to compare the differences of distribution of SP cell with age group at the cut point of 60 years old and 6 tumor characteristics. Kaplan-Meier was used to descript the distributions of DFS and log rank test was adopted to detect difference of median survival time between groups. Cox regression models were employed to explore the risk factors of disease free survival. Modeling used the manual backward exclusion method, sequentially removing variables not contributing significantly to the fit of the model based on the likelihood ratio of successive models. SP status, clinical and pathological information were all included in the first full model. All the tests were as two-sided and P value of less than 0.05 was generally considered as statistical significance.
Results
A total of 122 patients had recurrence or metastasis and 524 patients had no evidence of the outcome of interest. Among these 122 patients, the range of proportion of SP cell was 1.1% to 6.2% with the mean of proportion of 3.2% and standard deviation of 1.2%. Table 1 shows the percentage of SP cell grouped by age DOI:http://dx.doi.org/10.7314/APJCP.2015.16.3.991 Side Population Cells in Breast Cancer and Disease-free Survival and tumor characteristics. Distribution of SP cell differed significantly across 6 tumor characteristics. Higher SP cell was common in the more serious status of breast cancer than in the lighter illness status.
Disease-free survival (DFS) was compared among patients' age group less that 60 or equal or above, tumor characteristics and SP cell levels of less than or equal and above 3.6%. Statistics significant difference was determined by the tumor characteristics as well as SP cell levels ( Table 2 ). The significant difference in cumulative survival was detected by log rank test (p<0.001) for the two categories of SP cell levels among breast cancer patients (Figure 1 ). Four out of all 8 variables were identified as significant independent risk factors for disease-free survival in multivariate Cox regression model. Those factors were axillary lymph node metastasis (ALNM), invasiveness of the tumor, tumor volume doubling time (TVDT) and SP cell level (Table 3 ). 
Discussion
In this study, the SP cells were identified by a flow cytometric analysis using Hoechst 33342 dye efflux and the mean of SP cell proportion in breast cancer tissue was 3.25±1.21%. Previous studies have reported the percentages of SP cells to range from 0.2% to 7.5% (Patrawala et al., 2005; Engelmann et al., 2008; Han, 2009) . Such the variation could be determined by the difference in machines and reagents used in different studies. In order to better understand the relationship between the percentage of SP cells and prognosis of breast cancer patients, since the standard had not been set, we attempted to select the cutoff point at 3.6% in this study which based on the mean of SP cells percentage. Under the control of age and other tumor pathological characteristics, the SP cell level equal to or more than 3.6% was an independent risk factor of DFS among breast cancer patients. In the univariate analysis of this study, SP cell level and the pathological factors named tumor size, ALNM, invasiveness of the tumor, stage, degree of differentiation and TVDT were statistically significant related to DFS. However, only SP cells level, invasiveness, ALNM and TVDT were independent factors which statistically significant correlated with prognoses after all variables were added for adjustment of inter-dependency in the Cox model.
The study clearly showed a higher hazard ratio of 1.75 (Table 3) among those with higher level of SP cells. Such the phenomenon could be in part explained by the nature of CSC in which SP cells are among them. CSCs are considered to be responsible for tumor initiation and progression. The residual CSC may involved in the process of tumor metastasis and tumor progression which is a result of the metastatic spread of these cells (Campbell, 2007) . Although chemotherapy and radiotherapy would have killed most cells and cell lines in a tumour, it is believed to leave tumour stem cells behind as they are resistant to the treatment modalities. While those treatments could reduce large amount of cancer cells and cause observable tumor shrinkage, the effect on CSC could be minimal (Mimeault et al., 2007; Raaijmakers, 2007; Sakariassen et al., 2007; Zeppernick et al., 2008) . CSC might also be one of important mechanisms of multidrug resistance that leads to tumor recurrence after chemotherapy. The SP cells possessing stem cell-like properties have been found to be associated with a poorer prognosis (Van den Broeck et al., 2013) . Most of patients with cancer with or without cell killing therapeutic methods could progress and/or develop metastases. Although there is no literature investigating the SP cells and metastatic probability in breast cancer, studies in other cancers have elaborated an important role of SP cells in metastasis of cancer (Kato et al., 2007; Nishii et al., 2009 ). The study of Kato and co-workers on cultured SP and NSP cells from the human endometrial cancer cell disclosed that tumours derived from SP cells showed the characteristics of progenitor cells. The progenitor cell potential of SP cells showed long-term repopulation properties (>24 weeks), and cultured SP cells produced gland (CD9+)-and stroma (CD13+)-like cells. In contrast, NSP cells became senescent within 1-3 months (Kato et al., 2007) . SP isolated from the pancreatic cancer cell line PANC-1 have been shown to have an increased invasive potential in vitro and increased metastatic potential in vivo when compared to NSP cells using a murine liver metastasis model (Kabashima et al., 2009 ). Nishii and colleagues in 2009 have shown SP cells from gastric cancer increased a high adhesion ability to peritoneum related to the expression of several adhesion molecules which resulted in SP cells having a greater potential for peritoneal metastases (Nishii et al., 2009) . In this study we divided SP cells size into two levels based on the mean size instead of NSP cells. The results found that the patients' SP cells levels less than 3.6% has longer median DFS than those equal to or more than 3.6% SP cells level which means it had better progress. It is probably be explained by above research results, in NSP cells had less metastasis. Thus the finding from this study is closed to those studies results.
The significantly higher hazard ratio for metastasis and recurrence in the group of patients with SP cells level equal and more than 3.6% than the group with less than 3.6% SP cells (Table 3) is consisted with the results in previous studies which illustrated SP cells being an important element for breast cancer prognosis. The breast cancer SP cells in vivo have been shown to be more tumourigenic than NSP cells when tumor cell cultures in immunodeficient mice (Patrawala et al., 2005; Steiniger et al., 2008; Yin et al., 2008) . In Zhou et al. (2008) study, the sphere cells cultured from SP cells of breast cancer cell MCF7 were enriched in CSC surface markers CD44+CD24-and had higher tumorigenicity. It implied the sphere cells enrich breast cancer stem/ progenitor cells and preferentially inhibited by NF-κβ pathway inhibitors compared to their non-stem cell counterparts. Studies have demonstrated that MCF7 SP in the mammary gland are more clinically relevant doses of radiation resistant (Woodward et al., 2007) and clinical resistance to chemotherapy (Steiniger et al., 2008; Yin et al., 2008) than the NSP cell population. These properties would suggest that SP cells may also play a key role in breast cancer progression.
In addition to the levels of SP cells, Table 3 shows other :http://dx.doi.org/10.7314/APJCP.2015.16.3.991 Side Population Cells in Breast Cancer and Disease-free Survival important determinants of DFS being ipsilateral axillary lymph node metastasis (ALNM), tumor invasiveness, and tumor volume doubling time (TVDT). Axillary lymph node status is the most important prognostic variable in the management of patients with primary breast cancer. A study (Jatoi et al., 1999) illustrated that DFS after relapse was poorer in node-positive cases compared with node-negative cases. The hazard ratio for patients with one to three node involvement compared with none was 1.2 (95% CI=0.8-1.9) and it was 2.5 (95% CI=1.8-3.4) among four or more involved nodes, respectively. Other studies reported the significant higher HR of DFS among patients with than those without axillary lymph node metastasis (ALNM) (Rosa Mendoza et al., 2013; Nogami et al., 2014 ) .
As shown in Table 3 that TVDT was an independent variable in the final Cox model in predicting DFS. TVDT reflects the natural tumor growth rate and is an indicator of the biological malignant potential of a tumor. The evaluation of TVDT is able to provide a parameter as progress of cancer. The study of Kusama et al. (1972) in 34 cases with breast cancer illustrated that the growth of secondary tumor was related to that of the primary site.
Invasive status of the tumor was found to be one of the predictors of DFS in our analysis. Tumor invasiveness would determine treatment choices and the response to the treatment received. Non-invasive breast cancers are limited to the basement membrane of the milk ducts or lobules (the round sacs in the breast that produce milk) while invasive ones break such the barrier into the surrounding breast tissue and could have been spreading to the lymphatic system and then to other parts of the body. Therefore, invasive carcinomas have poorer prognosis and survival than non-invasive tumors.
In conclusion, SP cells level has been demonstrated to have independent association with tumor progression and clinical outcome after controlling for other clinical and pathological factors. Axillary lymph node status, TVDT and invasiveness of cancer were also identified as independently predictors for the prognosis of breast cancer. 
